Auroral particle precipitation exhibits dawn-dusk asymmetries that reflect the 7 asymmetries in the particle populations, waves, and processes in the magnetosphere. The diffuse 8 auroral electrons can be observed mainly in 22:00 -09:00 MLT, which coincides much with the 9 spatial distribution of the whistler-mode chorus waves that have been shown to be the 10 predominant mechanism for pitch-angle scatterring magnetospheric electrons into the loss cone. 11
than at the dusk-midnight sector. These dawn-dusk asymmetries can also manifest in the auroral 48 ion and electron precipitation in the ionosphere [e.g., Newell et al., 2010; Wing et al., 2013] . 49
The dawn-dusk asymmetries of the auroral particle precipitation can also be modulated 50 by substorms, which inject into and energize particles at the inner magnetosphere. There are 51 generally three phases of a substorm: growth, expansion, and recovery [e.g., Tanskanen et al., 52 2002; Lui, 1991] . The growth phase typically begins in the quiescent period at the time of the 53 southward turning of the interplanetary magnetic field (IMF) and ends at the onset of the 54 electrons exhibit an intense and broad energy spectrum, they are classified as broadband. This 79 electron population is believed to primarily result from acceleration by Alfvén waves [Chaston et 80 al., 2002; 2008] , which are often observed around the time of substorm dipolarization 81 [Lessard et al., 2006] . Monoenergetic electron spectra, on the other hand, likely indicate the 82 presence of a parallel electric field that accelerates the electrons downward and are usually 83 related to the global upward currents. The monoenergetic electrons may also result from the 84 electron interaction with low frequency Alfvén waves/ballooning modes that accelerate electrons 85 [e.g., Pritchett and Coroniti, 2010; Damiano and Johnson, 2012] . Precipitating ions are 86 magnetospheric ions that have been pitch angle scattered into the loss cone by current sheet 87 scattering [e.g., Speiser, 1965; Lyons and Speiser,1982; Sergeev et al., 1983; and/or 88 interaction with electromagnetic ion cyclotron (EMIC) waves [e.g., Jordanova et al., 2001; 89 Sergeev et al., 2015] . Thus, these ions and the three types of electron spectra can provide 90 information about the particle populations, waves, and processes in the magnetosphere. are in sun-synchronous, nearly circular polar orbits at approximately 845 km altitude. The 97 SSJ4/5 detector apertures always point toward local zenith, which means that at high latitudes, 98 only highly field-aligned precipitating particles well within the atmospheric loss cone are 99 observed. The substorm onset times are taken from two substorm databases: (1) the Polar UVI 100 substorm database [Liou et al., 1997; and (2) the IMAGE substorm database [Frey et al., 101 2004] . Only isolated substorms that are separated by at least 5 hr from other substorms are used 102 to construct the figure. Out of 4861 substorm events in the original combined dataset, 1677 103 events, or about 34%, fall into this isolated substorm category. The diffuse electrons typically 104 have a Kappa distribution in the magnetotail [Christon et al., 1991; Kletzing et al., 2003] . 105
However, in order not to leave out any electrons, the electrons that are not classified as either 106 monoenergetic or broadband (see Sections 3 and 4) are also classified as diffuse. 107 Figure 1 shows that the diffuse auroral electron energy flux increases around substorm 108 onset, consistent with the finding in Newell et al. [2010] . However, Figure 1 also shows that 109 after onset, the energy flux continues to increase and remains at an elevated level for at least 2 hr 110 after onset, reaching a maximum at about 1 hr after onset (this can be seen more easily in Figure  111 7, which is discussed in Section 6). Moreover, it appears that at and after onset, the increase of 112 the diffuse electron energy flux is confined approximately in the sector spanning 22:00-09:00 113
MLT. This dawn-dusk asymmetry is discussed further in Section 8. 114
The diffuse electrons are the magnetospheric electrons that precipitate into the loss cone 115 in the ionosphere. As the plasma sheet electrons E × B convect earthward, they also curvature 116 and gradient drift eastward toward dawn. The field-aligned component of these electrons are 117 quickly lost through the lost cone, but they are replenished by pitch-angle scattering. A leading 118 mechanism for pitch-angle scattering is VLF whistler-mode chorus wave-electron interactions 119 [e.g., Thorne, 2010; Reeves et al., 2009; Summers et al., 1998; Camporeale, 2015; Camporeale 120 et al., 2015] . Upper band chorus waves provide the dominant scattering process for electrons 121 100 eV -2 keV, while lower band chorus waves are most effective for scattering electrons > 122 ~2keV [Ni et al., 2011] . Electrostatic electron cyclotron harmonic (ECH) waves can also pitch 123 angle scatter electrons, but Ni et al. [2011] found that ECH wave scattering rates are at least one 124 order of magnitude smaller than those by whistler-mode chorus waves. Studies have shown that 125 whistler-mode chorus waves are excited in the region spanning premidnight to noon, which 126 includes the region where the diffuse electrons are observed, at 22:00-09:00 MLT. This can be 127 seen in Figure 2 , which shows the whistler-mode chorus wave and diffuse electron spatial 128 distributions. Around 09:00 MLT, the diffuse electron flux decreases, which may suggest that 129 the whistler-mode chorus waves start weakening. In the magnetosphere, the electrons continue 130 to drift eastward, circling the earth, but they are only observed in the ionosphere as diffuse 131 electrons when and where there are whistler-mode chorus waves to pitch-angle scatter them. 132
Because the bounce motion is generally faster than the drift motion, the signatures of the waves 133 in the ionosphere can be mapped to the magnetosphere at the same MLT. Whistler mode chorus 134 waves are important for the study of radiation belts because they have been found to contribute 135 to both energy and pitch angle diffusion [Li et al., 2007; Horne and Thorne, 2003] . 136 137
Broadband electron aurora 138
The precipitating electrons are classified as broadband electrons if three or more energy 139 channels have differential energy flux (dJ E /dE) > 2.0 × 10 8 (eV cm -2 s -1 sr -1 eV -1 ). There are 140 some caveats, which are listed in Newell et al. [2010] and are not repeated here. 2. The broadband aurora rises after onset in the 21:00-02:00 MLT interval and appears to wane 145 or to start waning approximately 15 min after onset. 146 spectrum. Such precipitation is thought to result from electron interaction with dispersive Alfvén 148 waves when their frequency is comparable to the electron transit time [Chaston et al., 2002 [Chaston et al., , 149 2003 [Chaston et al., , 2007 2008; Damiano et al., 2015] . Typical Poynting fluxes in Alfvén waves at high 150 latitude have been shown sufficient to account for 30-35% of auroral luminosity [Wygant et al., 151 2002; Keiling et al., 2002; . Figure 4 shows that the statistical local time distribution of 152 Alfvén waves is similar to that of the broadband electrons. 153
The association of Alfvén waves, substorm, and broadband electrons has been made by 154
Lessard et al. [2006] . The paper notes a connection between dipolarization events observed in 155 the magnetotail and dispersive Alfvén waves observed above the ionosphere, which are 156 associated with the broadband electron precipitation. Observations of Pi1B (irregular bursty 157 pulsations with periods from 1 to 40 sec) were detected by GOES 9, FAST, and at the ground in 158 conjunction with a substorm. While GOES detected compressional magnetic field fluctuations 159 along with dipolarization at geosynchronous orbit, FAST (which was conjugate to GOES) 160 detected shear Alfvén waves as a broad band ELF wave spectrum. The ratio of δE/δB for the 161 waves was consistent with Doppler-shifted dispersive Alfvén waves that have been reported 162 [Stasiewicz et al., 2000; Chaston et al., 2008] , suggesting that compressional waves mode 163 convert to dispersive shear Alfvén waves in this region. These same waves were also observed 164 by ground-based magnetometers on conjugate field lines. 165
Because transfer of energy by Alfvén waves is most efficient when the perpendicular 166 wavelength is small [Hasegawa, 1976; Lysak and Song, 2003; Damiano et al., 2007] Alfvén waves. Electrons can be resonantly trapped in the wave potential of an Alfvén wave 175 pulse [Kletzing, 1994] typically leading to the development of a velocity-dispersed beam in front 176 of the pulse [Watt et al., 2005] . At lower altitude, the electrons escape the potential well and 177 precipitate into the ionosphere as an energy-dispersed population [Watt and Rankin, 2009] . 178
In the transient response models [e.g., Nishida, 1979; Kan et al., 1982; Hull et al., 2010] , 179 the magnetospheric reconfiguration and diversion of the cross-tail currents by the current wedge 180 are communicated to the ionosphere by Alfvén waves. The broadband aurora that results from 181 the initial substorm pulse may be expected to last a few Alfvén bounce periods because Alfvén 182 waves damp kinetically on electrons absorbing most of the wave energy after a few reflections 183 via wave-particle interactions [Lysak and Song, 2003 The algorithm for classifying monoenergetic electrons is as follows. (1) Identify the 196 differential energy flux peak, and subsequently look at the drops one and two energy channels 197 above and below the peak. If the differential energy flux drops to 30% or less of the peak within 198 these two steps (at energies above and below the peak), then the event is considered 199 monoenergetic.
(2) The differential energy flux must be above 1.0 × 10 8 (eV cm -2 s -1 sr -1 eV -1 ) 200 at the peak channel. (3) If either the average energy is below 80 eV or the differential energy 201 flux peak is below 100 eV, the spectrum is not considered "accelerated." Such events may result 202 from spacecraft charging (low acceleration potentials are excluded by this rule). 203
The monoenergetic auroral electron energy flux map can be constructed using the same 204 dataset and methodology described in Section 2. Figure 5 shows the monoenergetic auroral 205 electron energy flux in the same format as in Figures 1 and 3. Many of its features are quite 206 different from those in the diffuse and broadband aurorae. The monoenergetic aurora is 207 concentrated mainly in the dusk-midnight sector. The monoenergetic auroral electron energy 208 flux starts increasing approximately 1 hr and 15 min before onset and increases more 209 significantly at substorm onset, reaching a maximum at 15 min after onset. This can be more 210 clearly seen in Figure 7c and discussed in Section 6. 211
The monoenergetic electron energy flux reaches a minimum 1 hr and 15 min before onset 212 (as can be seen later in Figure 7c ) and increases thereafter, suggestive of a correlation between 213 monoenergetic electron precipitation and the growth phase magnetic field configuration. As the 214 tail stretches during the growth phase, field-aligned currents intensify [McPherron, 1972; 215 et al., 1993; Zanetti and Potemra, 1986 ]. In the upward field-aligned current regions, the 217 current-voltage relationship implies that the parallel potential drop would increase in order to 218 maintain higher currents by drawing more electrons downward [Knight, 1973] . Hence, an 219 increase in the monoenergetic electron aurora may simply be an indicator of elongation of the 220 tail that occurs during the growth phase. Figure 5 shows that the monoenergetic electrons can be 221 observed mainly in the dusk-midnight sector. This would be consistent with the increase in the 222 upward region-1 field-aligned current (R1) in the dusk-midnight sector during the growth phase. 223
In the midnight-dawn sector, R1 may also increase, but here R1 is downward and so fewer 224 monoenergetic electrons would be expected. Region-2 field-aligned current (R2) at the 225 midnight-dawn sector flows upward, but few monoenergetic electrons are observed at this 226 location. This may result from the higher electron density on the dawnside than on the duskside 227 magnetosphere due to the eastward curvature and gradient drifts of the electrons. 228
Another possibility for the increase in monoenergetic precipitation around substorm onset 229 is the development of low-frequency waves that accelerate electrons, but do not lead to global 230 instability. One such possibility is the kinetic-ballooning/interchange mode discussed by 231 Pritchett and Coroniti [2010] , which operates in a stretched-tail configuration with a minimum 232 in Bz. These modes are thought to be associated with interchange heads, which generate auroral 233 streamers and contribute to the monogenergetic electron precipitation. Many studies have shown 234 that an auroral streamer is a fast flow signature in the ionosphere [e.g., Nakamura et al., 2001; 235 Sergeev et al., 2004] . Fast flows have been attributed to reconnection leading to flux tubes 236 having depleted total entropy (S), which initiate unstable growth of ballooning and interchange 237 instabilities resulting in earthward propagation of flux tubes [e.g., Birn et al., 2009; 2011; 238 been attributed to current disruption leading to field-line collapse [Lui, 1994; Wolf et al., 2009] . 240
Fast flows are also observed following substorm onset, in the expansion and even 241 recovery phases. For example, Baumjohann et al., [1999] shows that the earthward fast flow 242 occurrence rate peaks between 0 and 60 min after onset depending on the GSM X location of the 243 fast flow. The superposition of these peaks may give the broad peak in the monoenergetic 244 auroral power seen in the interval 15-60 min after onset in Figure 7c There is also a second peak at 02:00-05:00 MLT that can be seen throughout the 268 substorm cycle (sometimes the two peaks are close together that they can't be easily 269 distinguished). Wing et al. [2013] shows that the ion pressure exhibits a second peak at the same 270 location. These ion pressure and energy flux maxima can be attributed to a peak in the ion 271 number flux (not shown). The pressure peak around 02:00-05:00 MLT in the plasma sheet has 272 been previously observed and attributed to a density peak during active times is smaller and hence ions have higher density [Wang et al., 2003] . Figure 6 shows that the dawn 280 peak persists after onset. This may be associated with substorm injection and flow stagnation. 281 282
Quantifying the nightside electron auroral power increase by substorms 283
We examine the evolution of the nightside particle precipitation power quantitatively 284 from 2 hr before onset to 3 hr after. The solid line in Figure 7a shows the diffuse electron 285 auroral power for the entire nightside, 18:00-06:00 MLT (nightside hemispheric power), whereas 286 the dashed line is for the midnight-dawn sector, 00:00-06:00 MLT. The procedure used to 287 calculate these quantities is similar the one used in Newell et al. [2010] . The nightside diffuse 288 auroral power increases at onset and continues to increase after onset, reaching a maximum at 1 289 hr after onset. The nightside diffuse auroral power spans a huge range during the substorm 290 cycle, from approximately 1.2 GW at 15 min before onset to 4.9 GW at about 1 hr after onset. 291 Therefore, substorm-led magnetospheric reconfiguration typically increases the diffuse auroral 292 electron power by 310%. The nightside diffuse electron auroral power is dominated by the 293 power in the midnight-dawn sector. As can be seen from Figure 7a which is based on the maximum power taken at the end of the expansion phase and the baseline 297 power taken at 15 min before onset. 298
In Figure 7b , the solid line plots the broadband auroral power integrated for the entire 299 nightside, 18:00-06:00 MLT, whereas the dashed line plots the power integrated from 21:00 to 300 02:00 MLT. Comparing the two curves, we can see that the power at 21:00-02:00 MLT 301 constitutes approximately 50-75% of the total nightside power. Substorms increase the 302 integrated power from 0.56 GW at 15 min before onset to 1.5 GW at 15 min after onset, which 303 represents a 170% increase. The broadband aurora peaks at 15 min after onset. 304
In Figure 7c differences may be attributed, at least partly, to the differences in the instrumentations used to 320 make observations and the locations where the observation are made. These rich and diverse 321 observations help advance our understanding of the substorm processes. Here, we attempt to 322 estimate timescales of the substorm phases for the three different types of electrons using the 323 substorm events obtained from satellite UV images [Liou et al., 1997; Frey et al., 2004] . 324
We define the minimum auroral power before onset as the start of the growth phase and the 325 maximum auroral power after onset as the end of the expansion phase/start of the recovery 326 phase. 327
The monoenergetic and broadband electron auroral powers complete the entire substorm 328 cycle approximately within 5-hr. That is, 3 hr after onset, these auroral powers finally reach 329
roughly the values to those at 2 hr before onset. On the other hand, the diffuse electron auroral 330 power appears to require more than 5 hr to complete the cycle. 331
The duration of the substorm cycle has been reported to be approximately 2-3 hr [e.g., 332 Huang et al., 2003] or 4 hr [e.g., Tanskanen et al., 2002] based on substorm onsets determined 333 by the ground magnetic field observations or indices derived from these observations such as 334 AE, AL or IL. So, the durations of the substorm cycle for all electron aurorae appear larger than 335 or at the upper end of the range of the values obtained from ground magnetic field observations. 336
For the remainder of this section, we examine the duration of each substorm phase for the three 337 types of electrons. 338
The monoenergetic and broadband electron aurora growth phases start at approximately 1 339 hr and 15 min before onset, when the power reaches the minimum. The growth phase signature 340 for the diffuse electron aurora is not so clear. The minimum at 15 min before onset in the diffuse 341 auroral power in Figure 7a is not likely the start of the growth phase. All types of electron and 342 ion aurorae increase substantially at the substorm onset. So, the growth phase ends roughly at 343 the same time for all electron and ion aurorae. In other words, the substorm onsets obtained 344 from optical observations seem to agree with those obtained from the particle precipitation. The 345 1 hr and 15 min duration of the growth phase for the monoenergetic and broadband electron 346 aurorae is at the upper end of the range of the growth phase obtained from ground magnetic field 347 observations [e.g., Bargatze et al., 1999; Huang et al., 2003] . 348
The end of the expansion phase can be defined as the time when the maximum power is 349 reached. The duration of the diffuse aurora expansion phase is longer than that of the other two 350 types of electron aurorae. The duration of the expansion phase of the diffuse aurora is 1 hr, 351
whereas that of the monoenergetic and broadband aurorae is only about 15 min. It is interesting 352 to note that the recovery phase onset for the electron diffuse aurora, ~1 hr after substorm onset, is 353 comparable to the start of the plasma sheet recovery reported in Baker et al. [1994] . They 354 reported that plasma sheet recoveries, e.g., expansion of plasma sheet, reduction of cross-tail 355 current, etc., can occur with a delay ranging 10-120 min after substorm onset with a median 356 delay of 45 min. However, their substorm onsets were determined from the ground magnetic 357 field observations. The short expansion phase duration in the broadband aurora may result from 358 the quick damping of the Alfvén waves as discussed in Section 3. 359
It is a challenge to determine the end of the recovery phase, primarily because it is hard to 360 determine when the quiet time state is reached and what the quiet time power ought to be. For 361 the broadband and monoenergetic electron aurorae, the powers at 3 hr after onset are 362 approximately the same as those at 2 hr before onset. The declining power in the interval 2-1 hr 363 before the substorm onset in the broadband and monoenergetic electron aurorae may suggest that 364 some of the points in this interval come from the recovery phase of the preceding substorm. 365
Assuming that (1) the minimum power before the substorm onset is the baseline for the quiet 366 time power and (2) many points in the interval 2-1 hr before onset could also be in the interval 367 3-4 hr after onset, given our criterion for isolated substorms and so the durations of the 368 monoenergetic and broadband electron aurora recovery phases can be estimated to be 3 hr and 30 369 min. It is harder to determine the recovery time for the diffuse electron aurora. Perhaps, some or 370 many of the points in the interval 0 -2 hr before onset may actually come from the recovery 371 phase of the preceding substorm. This result may suggest that the recovery phase duration for 372 the diffuse electron aurora could be more than 4 hr, but in order to get a better estimate, one 373 would have to use substorms that are separated by more than 7 or 8 hr. 374
The recovery durations of all three types of the electron precipitation are larger than the 375 0.5-2 hr recovery duration obtained from the ground magnetic field observations [e.g., Bargatze 376 and energetic particle observations is on the order of 1-3 hr. They attributed the long recovery 379 of the near-Earth magnetic field to the effect of the developing ring current. However, it is not 380 clear whether this can explain the long recovery period of the precipitating electrons, some of 381 which map farther out than geosynchronous orbit. 382 Table 1 summarizes the time scales for the substorm cycles and phases for the three types 383 of electrons. 384 385
The electron auroral dawn-dusk asymmetry modulations by substorms 386
Previous Sections present and discuss the electron energy fluxes for all three types of 387 electron aurorae. The dawn-dusk asymmetries in diffuse and monoenergetic electron aurorae 388 can be seen prominently in the electron energy fluxes in Figures 1, 2 , and 5. In this section, we 389 examine more quantitatively the dawn-dusk asymmetries and how these asymmetries are 390 modulated by substorms. 391 Figure 8a plots the ratio of dawn (18:00 -2400 MLT) to dusk (24:00 -06:00 MLT) 392 auroral power for monoenergetic (red), broadband (blue), and diffuse (green) electrons. The 393 monoenergetic electron auroral power is larger at dawn than at dusk and this asymmetry, as 394 measured by the dawn/dusk power ratio, increases after substorm onset. The asymmetry does 395 not return to its growth phase value until ~135 min after onset. The increase of the asymmetry 396 after the substorm onset may be related to the increase of Alfven wave activities at premidnight 397 after onset as discussed in Sections 4 and 9. 398
The broadband electron auroral power does not show significant dawn-dusk asymmetry. 399
The diffuse electron auroral power has the opposite asymmetry from that of 401 monoenergetic electron auroral power with the power at dawn larger than that at dusk (the 402 dawn/dusk power ratio < 1). At 0 -30 min after substorm onset, the dawn/dusk power ratio 403 increases a bit, suggesting a smaller dawn-dusk asymmetry. This asymmetry can be seen more 404 clearly in Figure 8b . The smaller dawn-dusk asymmetry after onset may be attributed to the 405 plasma sheet electron injection and energization that occurs over a wide local time after onset, 406 including at premidnight. The dawn/dusk power ratio minimum at -45 min before onset may be 407 due to the interference from the long recovery phase of the preceding substorm (> 4 hr). 408 409
Is there any link between broadband and monoenergetic electrons? 410
As shown in Table 1 and Figures 7b and 7c , the substorm dynamics of broadband and 411 monoenergetic electrons are more similar to each other than to those of diffuse electrons. For 412 example, both broadband and monoenergetic electron powers peak 15 min after onset whereas 413 diffuse electron power peaks 1 hr after onset. There may be a link between the mechanisms for 414 broadband and monoenergetic electrons. 415
Substorms increase the Alfvén wave activities in the magnetotail [e.g., Lessard et al., 416 2006 ]. The high frequency Alfvén wave interaction with electrons lead to time-varying parallel 417 electric fields that accelerate electrons, resulting in the broadband signature in the electrons 418 [Chaston et al., 2002; 2008] . This is consistent with the broadband electron energy flux 419 increase after substorm onset around 21:00 -02:00 MLT, as shown in Figure 7b . However, 420
Alfvén waves can also be responsible for the monoenergetic electrons. For example, Hull et al. 421 [2010] suggests that the Alfvén waves can lead to the formation of density cavities and quasi-422 static parallel electric fields. The low frequency Alfvén waves can accelerate electrons that lead 423 to the monoenergetic signature [Damiano and Johnson, 2012; Pritchett and Coroniti, 2010] . 424
After a few Alfvén bounce periods, the Alfvén waves damp due to electron energy absorption 425 and/or Joule dissipation [Hull et al., 2010; Lysak and Song, 2003; Damiano and Johnson, 2012] . 426
As a result, the broadband auroral electron power decays after a few Alfvén bounce periods (~ 15 427 min), as seen in Figure 7b . On the other hand, the low frequency Alfvén waves damp more 428 slowly, which is consistent with the slower decay of the monoenergetic electron power seen in 429 Figure 7c . The decay time scales can be illustrated with the time it takes the power to reach its 430 half maximum value from the maximum value at the end of the expansion phase. As can be seen 431 in Figure 7 and summarized in Table 1 , the time it takes to reach half maximum is ~1.6 hr for the 432 monoenergetic electrons, but only ~0.42 hr for broadband electrons. 433 Figure 7b shows that after reaching its maximum value, the broadband electron power 434 initially decays rapidly and then slowly. This two stage decay of the broadband electron power 435 suggests that after the rapid decay of the main Alfvén waves in the interval 15-45 min after 436 onset, there seems to be residual Alfvén waves that slowly decay that can be seen at 437 approximately 45 min after onset. These residual Alfvén waves seem to linger on for the rest of 438 the recovery period, which has the same time scale as the recovery period for the monoenergetic 439 electrons. 440
However, a significant amount of monoenergetic electrons are likely produced by quasi-441 static electric fields that can be attributed to mechanisms other than low frequency Alfvén waves. 442
For example, in upward field-aligned current regions, quasi-static electric fields can arise when 443 the magnetospheric electron density is too low to carry the currents [Knight, 1973] . Figures 3  444 and 5 show that monoenergetic and broadband electrons are not always observed in the same 445 region. They seem to overlap roughly in the region spanning 21:00-01:00 MLT. Westward of 446 the overlapping region, e.g., MLT < 21:00, monoenergetic electrons can be observed without 447 significant broadband electrons. 448 449
Summary 450
Substorms change the magnetospheric configuration, e.g., when the magnetic field lines 451 change from stretched tail-like to more dipolar configurations. During this process, a significant 452 amount of energy is released, some of which energizes precipitating particles. On the nightside, 453 ion and all three types of electron (diffuse, monoenergetic, and broadband) energy fluxes and 454 powers increase at or shortly after substorm onset. However, the energy increases differ for each 455 type of aurora. The increases are 71%, 170%, and 310% for the monoenergetic, broadband, and 456 diffuse electron auroral powers, respectively. In contrast, the ion pressure increases only by 30% 457 [Wing et al., 2013] . At the end of the expansion phase (maximum power), different types of 458 electron auroral power decays at different rates. The time it takes to reach half maximum power 459 from the maximum for the broadband, diffuse, and monoenergetic electrons are ~0.42, ~1.2, and 460 ~1.6 hr, respectively. Among the electron aurorae, the broadband aurora has the smallest power, 461 followed by the monoenergetic aurora, whereas the diffuse aurora has the largest power. The ion 462 auroral power and energy flux are comparable to those of the broadband electron aurora during 463 the growth phase, but after the onset the broadband electron auroral power and energy fluxes 464 increase much more than those of the ion aurora. Relative to their pre onset values, substorms 465 appear to energize ion aurora less than electron aurora of any kind. 466
The MLT distribution of each type of aurora also differs. The diffuse electrons and 467 auroral power concentrate mainly in 22:00-09:00 MLT, which overlap much with the whistler-468 mode chorus waves that can pitch-angle scatter magnetospheric electrons into the loss cone. 469 However, the monoenergetic auroral power mainly from the dusk-midnight sector, 18:00-24:00 470 MLT, whereas the broadband auroral power comes mainly from the region centered at 471 premidnight, spanning roughly 21:00 to 02:00 MLT. The broadband electrons result from time 472 varying electric fields due to electron-Alfvén wave interaction. On the other hand, the 473 monoenergetic electrons are magnetospheric electrons that have gone through quasi-static 474 parallel electric field in the upward field-aligned current regions. However, there may be a 475 connection between the mechanism for monoenergetic and broadband electrons -low frequency 476
Alfvén wave-electron interaction can lead to monoenergetic electron signature. 477
After substorm onset, the dawn-dusk asymmetry increases for about 135 min in the 478 monoenergetic electron power. In contrast, after the onset, the dawn-dusk asymmetry decreases 479 for about 30 min in the diffuse electron power. In comparison, substorms do not change the 480 dawn-dusk asymmetry of the broadband electron power by much. 481
Near the end of the growth phase, i.e., Δt = -30 to -15 min, the ion energy flux peaks at 482 18:00-21:00 MLT sector, which can be attributed to the ion curvature and gradient westward 483 drifts toward dusk. There is also a second peak at 02:00-05:00 MLT, which can be attributed to 484 cold solar wind ion entry along the dawn flank, flow stagnation, and enhanced E × B. 485
The substorm cycle time scales for electron precipitation are longer than those previously 486 reported for other magnetospheric and ionospheric parameters. The substorm complete cycle 487 duration for monoenergetic and broadband electrons is ~ 5hr, but it is greater than 5 hr for 488 diffuse electrons. determine (see text). Δt at half max denotes the time it takes to reach half maximum (green 771 asterisks in Figure 7 ) from the maximum auroral power at end of the expansion phase, which 772
gives a measure of how quickly the auroral power decays after reaching the maximum value. 
